Abstract. In field experiments at three locations, wheat row spacing, seeding rate, and herbicide treatment affected Italian ryegrass control, wheat yield, dockage in the grain, and net returns. Diclofop at 560 or 840 g ai/ha controlled Italian ryegrass better than chlorsulfuron at 18 or 26 g ai/ha. Net returns were increased at all locations by diclofop POST at either rate and at two locations by chlorsulfuron PRE at either rate. Although increasing the wheat seeding rate reduced dockage at two of three locations, net returns were maximized by herbicide application alone without increased seeding rates or reduced 
INTRODUCTION
Italian ryegrass is a competitive winter annual weed in winter wheat (5, 17) . Wheat yield was reduced 4.2% for each 10 Italian ryegrass plants per m2 (18) . Reductions in wheat yield have been attributed to Italian ryegrass competition during wheat tillering, to severe lodging, and to interference with wheat harvesting because this weed matures later than wheat (5, 17) .
Chlorsulfuron applied PRE at 18 to 35 g/ha controlled
Italian ryegrass 73 to 100% (10, 13, 14) . No wheat injury was observed when chlorsulfuron was applied PRE at 26 g/ha (13) . Wheat yield was increased 22% when Italian ryegrass was controlled with chlorsulfuron applied PRE at 35 g/ha (10) . PRE applications at 18 and 26 g/ha are registered for Italian ryegrass suppression with the higher rate suggested for use in the southern region (3) .
Diclofop, applied POST at 500 to 1500 g/ha, controlled Italian ryegrass 81 to 100% and increased wheat yields 20 and 60% (10, 12) . Diclofop at 1500 g/ha was most effective when applied to Italian ryegrass with two to three leaves. Diclofop applied POST at 1120 g/ha also controlled Italian ryegrass 88% in Mississippi (21) . Diclofop applied POST at 560 to 11 20 g/ha is registered for Italian ryegrass control ' Received for publication Jul. 19, 1993 In Oklahoma, wheat seeding rates vary with residue management practice, tillage system, and personal preference (6) . Increasing wheat planting rates from 67 to 101 kg/ha or reducing row spacing from 22.5 to 15 cm increased winter wheat yield over a range of cheat (Bromus secalinus L.) infestation levels (16) . Increasing wheat seeding density to above 60 kg/ha reduced annual ryegrass (Lolium rigidum Gaudin) growth up to 50% with no effect on wheat yield (19) .
Decreasing wheat row spacing increases its competitive ability with weeds (20) . Reducing the row spacing of cheat-infested wheat from 23 to 7.5 cm improved hard red winter wheat yields 12% (22) . In other research, reducing row spacing from 23 to 7.5 cm improvement yield of weed-free wheat in two of three experiments and yield of cheat-infested wheat in six of ten experiments (15) .
Cost estimates for seeding wheat with a 7.5-cm versus a 23-cm row spacing grain drill indicate that for a 120-ha farm, wheat grain yields would have to increase 93 kg/ha for narrow row spacing to be economically advantageous (7) .
The objectives of this research were to determine whether reducing row spacing and increasing wheat seeding rates would improve Italian ryegrass control obtained with herbicides and improve net returns. An early maturity semi-dwarf hard red winter wheat ('2180') was seeded on Sept. 26, Oct. 7, and Oct. 8, 1991, at Perkins, Haskell, and Chickasha, respectively. Plots with 7.5-cm wide rows were seeded with a 24-row experimental drill with double disc openers and press wheels. Plots with 20-cm wide rows were seeded with a 10-row conventional double disc grain drill and split-v press wheels. Seeding rates with each drill were 67, 100, and 133 kg/ha. Seeding depth was 2.5 to 3.8 cm with both drills and excellent soil moisture prompted rapid crop emergence at Perkins and
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Haskell. At Chickasha, marginal moisture at seeding delayed emergence of some of the wheat seeded in 7.5-cm rows until rain fell 15 d after seeding.
Herbicide treatments were chlorsulfuron applied PRE at 18 and 26 g/ha, diclofop applied POST at 560 and 840 g/ha in the fall to tillered wheat, and an untreated check.
Herbicides were applied with a C02-pressurized backpack sprayer in a total volume of 190 L/ha. Italian ryegrass density was estimated in early February by counting the plants in two 15-by 15-cm quadrats in untreated check plots where wheat was planted at 67 kg/ha in 20-cm rows (Table 1 ). Very few broadleaf weeds were present at any site. Italian ryegrass control was estimated visually in the spring using a 0 to 100 scale where 100 equalled complete control. Yield samples were obtained by harvesting 18 of the 24 7.5-cm rows or seven of the rows spaced 20-cms apart from the center of each plot with a small plot combine adjusted to retain Italian ryegrass seed with the wheat.
Although such adjustment results in dockage values higher than those typically expected from commercial harvesting procedures, economic returns estimates were not distorted because dockage is removed before grain receives a grade according to USDA grading procedures. The harvested samples were cleaned with a small seed cleaner. Material removed by cleaning was considered dockage and included Italian ryegrass seed, chaff, and straw. Weed yield data were adjusted to 13.5% moisture.
The cleaned grain was graded according to USDA standards to determine market value (2) . Established wheat grades range from 1 to 5, where Grade 1 is the highest quality and Grade 5 (sample grade) is the lowest quality. The regional average price penalties used for Return above all costs except land, labor, $/ha See Table 7 overhead, risk and management aValues obtained by multiplying price by quantity.
bLocal harvest price ($/kg) for USDA No. I hard red winter wheat (2 CCounty average wheat yield, i.e., 2321, 2441, and 2227 kg/ha for C dFor 7.5-cm and 23-cm row spacings, respectively (8) .
determining the value of inferior quality wheat w 0.11, 0.25, and 0.44 cents per kg for Grades 2 throu respectively4.
Production costs and net returns above all costs ex land, labor, overhead, risk, and management were puted for each treatment combination at all locatio using an appropriate enterprise budget (8) ( Table 2) revenues included those expected from participati All data were subjected to analysis of variance with basic partitioning for a two by three by five factorial treatment arrangement. Data were tested for homogeneity of error variance and combined over locations when appropriate. Means were separated by Fisher's Protected LSD Test (P < 0.05 or 0.1). Visual ratings were subjected to arcsin square root percent transformations which did not affect data interpretation, therefore original data were reported.
RESULTS AND DISCUSSION
Visual Italian ryegrass control data would not pool across any two locations. All diclofop treatments controlled Italian ryegrass 90 to 100% at all row spacings, seeding rates, and locations (Table 3) . Italian ryegrass control with chlorsulfuron PRE was variable and less than reported in the literature (10, 13, 14) . This was attributed to emergence of the weed before the herbicide was activated by rain which did not fall until 17 to 30 d after treatment.
At Chickasha, moisture at seeding was marginal and only about 75% of the wheat in 7.5-cm rows emerged until Volume 8, Issue 2 (April-June) 1994 319 ian ryegrass control at Chickasha was not affected by seeding rate (Table 3) . Averaged over seeding rates, control with chlorsulfuron at 26 g/ha was higher in wheat seeded in 20-cm rows than in 7.5-cm rows ( Table 3 ). The poorer control in 7.5-cm row plots was attributed to less competition from the wheat because of the delayed crop emergence in these plots.
At Haskell and Perkins, Italian ryegrass control was affected by wheat seeding rate, row spacing, and herbicide treatment. When wheat was seeded at 133 kg/ha in 7.5-cm rows, chlorsulfuron at 18 g/ha controlled Italian ryegrass as effectively as chlorsulfuron at 26 g/ha with any combination of row spacing and seeding rates. Thus, it appeared that the lower herbicide rate could be used without reduction in control if the wheat seeding rate was increased to 133 kg/ha and row spacing reduced from 20 to 7.5 cm.
However, within a seeding rate, at no location did reducing row spacing improve control obtained with chlorsulfuron.
With no herbicide, increasing the seeding rate with either row spacing at Perkins appeared to suppress Italian rye- aged over other factors, dockage was reduced (P = 0.053) from 460 to 420 kg/ha by reducing row spacing from 20 to 7.5 cm.
At Chickasha there was a decrease in dockage in the untreated check with each increase in the seeding rate (Table 4) . Also, with the baseline seeding rate of 67 kg/ha, chlorsulfuron at the lower and higher rates decreased dockage 45 and 63%. With chlorsulfuron at 18 g/ha, increasing the seeding rate from 67 to 100 kg/ha further reduced dockage to 200 kg/ha.
Chlorsulfuron at either rate was not very effective in reducing dockage at Perkins. From the baseline input of 67 kg/ha seeding rate, 20-cm row spacing, and no herbicide, increasing the seeding rate to 100 kg/ha decreased dockage as effectively as applying chlorsulfuron at either rate (Table 4) . A further decrease was obtained by increasing seeding rate to 133 kg/ha and applying chlorsulfuron at either rate. Decreasing row spacing did not decrease dockage in any treatment.
Since diclofop controlled Italian ryegrass 100% at Perkins, row spacing and seeding rate did not affect dockage in diclofop treatments. The 60 to 70 kg/ha dockage in these treatments is material other than Italian ryegrass seed that contributed to dockage in all treatments.
A late season hail storm reduced wheat yield an estimated 60 to 70% to a mean yield of 719 kg/ha at Chickasha.
However, since there were no interactions with location in the wheat yield data, they were pooled across locations. An interaction between row spacing and seeding rate revealed that increasing wheat seeding rate did not influence yield of wheat seeded in 20-cm rows, but wheat seeded at 133 kg/ha in 7.5-cm rows yielded more than wheat seeded at 67 or 100 kg/ha in 7.5-cm rows (Table 5 ).
Pooled over locations and seeding rates, decreasing the row spacing to 7.5 cm did not increase yield obtained with any herbicide treatment ( was not attributed earlier emergence of the wheat seeded in 20-cm rows would tend to shift the competitive advantage to that wheat. Also, the more uniform spatial distribution of wheat stems in the plots seeded in 7.5-cm rows may have made them more susceptible to damage from a sudden hail storm.
Increasing the wheat seeding rate did not increase net returns.
Averaged over row spacings, all herbicide treatments increased net returns at Haskell (Table 7) . However, increasing the seeding rate did not further increase net returns and decreased net returns in some treatments with LITERATURE CITED
